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(57) ABSTRACT 

A subscriber controlled registration protocol, a subscriber 
monitors a congestion indicator signal broadcasted by a base 
station with which it desires to register. If the congestion 
indicator signal indicates that the base station is operating in 
a congested state, the mobile station selects another base 
station in the system. Otherwise, it attempts to register with 
the first selected base station. 
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SUBSCRIBER-CONTROLLED monitors a congestion indicator signal broadcasted by a base 

REGISTRATION TECHNIQUE IN A CDMA station with which it desires to register. If the congestion 

SYSTEM indicator signal indicates that the base station is operating in 

a congested state, the mobile station selects another base 

TaArif^rDnriMn 5 station in the system. Otherwise, it attempts to register with 

tJACKUKUUiNU ^j^^ selected base station. 
The present invention provides a subscriber-implemented 

registration technique for use in a CDMA communication BRIEF DESCRIPTION OF THE DRAWINGS 
system to uniformly distribute subscriber load among base 

stations. FIG. 1 illustrates a CDMA communication system. 

Typically in a CDMA system, when a subscriber terminal lo p[Q 2 is a flow diagram of a mobile station operating in 

("mobile station") begins operation, it registers with a base accordance with a first embodiment of the present invention. 

station as part of its initialization operation. As part of T-rr- i io o a™ a;^^^^ « «,^u;t« ««^,.«#;«rT 

• * *• *u u'l * *• * -11 Jin -1 * MCj. J is a now diagram 01 a mobile station opera tmg m 

^^L'^stlrrJ^^^^ a with a second cbodiment of the preLt Jen- 

station to identify the mobile station's presence in the base 

station's cell. Hie mobile station typically transmits a reg- nFTATT Pn nF^rRiPTTOM 

istration request message on an access channel associated uci/^i^cu uiio^^i^iriiui^ 

with the base station or its pilot channel. When multiple pilot j^^ present invention relates to a registration technique 

channels are detected, the mobile station typically registers use in CDMA communication systems in which a mobile 

withthe base s ation whose pdot channel is associated stationdetermines which of a plurality of base stations it will 

a highest quakty recep^^^^^ ^ register with. The mobile station makes its decision based on 

As IS known CDMA commumcatiOD systems are "mter- indicators transmitted globally from abase station to 

lerence limited. Unless determmed by a communication subscriber stations 
protocol, a base station is not characterized by a fixed 

number of communication channels by which it may com- F^^. 1 illustrates a typical CDMA communication system 

municate user data to mobile stations. In theory, a "con- ^5 communication system may be populated by a 

gested" base station may continue to add communication plurality of base stations 100-160. The base stations 

channels to satisfy increased demand for service, but the 100-160 communicate with a plurality of mobile stations 

communication quality of each channel in the system would such as the mobile station 170 shown in FIG. 1. Each base 

be diminished incrementally. In practice, the number of station typically broadcasts a plurahty of logical channels on 

channels that may be satisfied by a base station is determined a physical channel including a pilot channel, a "sync" 

by minimum call quality standards that are to be maintained 30 channel, a paging channel and a plurality of traffic channels, 

by the communication system. As is laiown, this number of ^ ^ ^^^^^^ ^ ^^^^ ^^ ^ ^ 

channels ako may be affected by environmental conditions transmitted from a base station. Typically, the pilot 

m the cell that may contribute to quality degradations. . , ^.^ , , . . , . • J\ • j 

However, it is desirable to limit unnecessary communication '""'"'•S ^ predetermined 

in a congested CDMA cell to improve the call quality of „ Pf^™" ^f.P^°' ''^^^J'^^ IfP'^i^y ?° i^f"™""™ ' 

communication channels already in process and to reduce ^^"^9°^ the Pilot.channe on miUahzation to 

undesirable cross-channel interferen<i. ""'""'"i^nxTI" ^''".u tj^?«ng, ^ips. Often the 

In traditional CDMA systems, a mobile station will same CDMA code that identifies the pilot chamiel of^^ 

attempt to register with a base station based solely on the l""' 'Tr" '° "''"^ 

..f , , . c .u - J -1 base stations. However, m such systems, neighbormg base 

mobile station s measurement of the received signal stations transmit the CDMAcodeiingpredetirmined delay 

strength, EJl or SNR of die pi ot channels. Mhough ^g^^^^ respect to each other that provide clear discrimi- 

provisions exis m some CDMAsystems for base stations to ^^^^^ between base stations. However, the predetermined 

efuse to register a mobile staUon based upon congesUon relationships of adjacent pilot channels permits a 

evels of the base station registration in such systems jP .^^^ ^ j P ^ 

typically includes a first transmitted registraUon request adjacent base sutions once it hi acquired the pilot channels 

message from the mobile station to the congested based 45 ^^J^ ^^^^ station 

station followed by a second transmitted message from the 

congested base station to the mobile station denying regis- ^ ^V^^ channel may be used by the base station to 

tration. The mobile station then would attempt to register communicate administrative information to a mobile station, 

with the base station associated with the next strongest pilot example, a base station may transmit a base station ID 

channel. And, in systems employing soft handoff, if the 50 !° ^ .f^^' ^ admmistrative information 

mobile station succeeds in registering with the next strongest identifying system status. Sync channels are transmitted 

base StaUon, the mobile station may retry registration with globally within the cell; typically, mobile stations that are 

the congested base station upon expiration of a countdown ^^^^ {^^^ engaged in active communication connecUons) 

tjjjjej monitor the sync channel. 

The registration request and denial transmissions that are 55 station may transmit one or more paging 
used in these traditional CDMA systems consume precious channels. Paging channels typically are used to command a 
bandwidth in an akeady-congested base station. They con- mobile station to set up traffic channels. Traffic channels 
tribute to cross-channel interference with other channels may carry user data to mobile stations when the mobile 
ah-eady in progress and further consume processing stations participate in active communication connections, 
resources in the already-congested base station. According to the principles of the present invention, the 
Accordingly, there is a need in the art for a low bandwidth ^ communication protocol of the sync channel may be modi- 
registration protocol in a CDMA system, one that reduces fied to include a congestion indicator signal that identifies 
processing demands upon a base station operating in a whether the base station is operating in a congested state. In 
congested state. a first simplest embodiment, the congestion indicator field 
„ simply may include a flag signal. When the base station is 
:>UMMAKY g5 j^Q^ operating in a congested state, the flag signal may be set 

Embodiments of the present invention provide a sub- to a first predetermined state indicating that a mobile station 

scriber controlled registration protocol in which a subscriber may attempt to register with the base station. When the base 



03/18/2004, EAST Version: 1.4.1 



us 6,563,809 Bl 

3 4 

Station is operating in a congested state, the flag signal may signals that report not only whether the transmitting base 

be set to a second predetermined state indicating that the station is in a congested state but also identify a neighboring 

mobile station should not attempt to register with the base base station that is operating in a lightly congested state. In 

station. such an embodiment, registration of a mobile station may 

According to this first embodiment of the present 5 operate in accordance with the method 2000 of HG. 3. 
invention, mobile stations may register in accordance with According to the method 2000, a mobile station acquires 
the method 1000 illustrated in FIG. 2. Upon start up, a piiot channels, ranks the pilot channels and monitors con- 
mobile station 170 typically monitors received transmis- gestion indicator signals as is described above with respect 
sions and searches for pHot channels of neighboring base Steps 1010-1050 in FIG. 2 (Steps 2010-2050). If the 
stations (Step 1010). The number and identity of detected ^ig^^^i quality base station is accepting registraUons of new 
pilot channels may depend upon the topology of the system, T!^'^^ "^""^^^ ^^^^""^ '"^'"^^"^ 
the mobHe station's location therein, and environmental ^^^If^ ^^^^ ^^^y , . . 

conditions. Typically, when it detects a pilot channel from a Y operatmg m a congested state and is 

first base station, a mobile station may exploit the predeter- not accepting new registrations from mobile stations the 

rr.;r.^A Wr^i^^ .r^r.^^ «;i^t ^u.S^\. ir. tuL mobilc stHtion ideutifics a hghtly loaded base station from 

^^.HHt^rf^^lrnf .L^^ 15 congestion indicator signtl transmitted by the congested 

to facUitate acquisition of the pilot channels from other base 15 J^^^ ^^^^^ station may determine 

s auons. Depending upon ambient condiUons^ a mobile ^ measured pilot quality of the hghtly loaded base 

station may not detect pilot channels from all the base ^^^^^^ ^^^^ rSinimum cdl quaUty Sir^holds for the 

stations in a system. Hiese are known charactenstics of system (Step 2080). If so, the mobile station registers with 

conventional CDMA systems. the lightly loaded base station (Step 2090). Otherwise, the 

The mobile station may rank the base stations based upon 20 mobile station selects the base station of the next highest 

the quality of the detected pilot channels (Step 1020). As a pilot quality and returns to Step 2040 (Step 2100). 

first indicator of quality, the mobile station may rank the In an embodiment of the present invention, at Step 2080, 

base stations based upon a received power level associated the mobile station may simply retrieve the pilot quality 

with each pilot channel, called the "received signal strength measurement that had been obtained according to the acqui- 

indicator'' (or "RSSF) in connection with some known 25 sition and ranking steps of Steps 2010 and 2020. Having 

CDMA systems. Alternatively, the mobile station may rank previously measured the quality of all pilot channels that 

the base stations based upon a measured bit error rate were detectable, it is not necessary according to this embodi- 

("BER") for the pilot channels. Further, the ranking of base ment for the mobile station to reacquire the pilot channel of 

stations may be made on the basis of ratios of energy per the lightly loaded base station prior to attempting registra- 

chip to aggregate received energy (commonly represented as tion in Step 2090. 

E^a)- And, of course, the ranking may be performed based OptionaUy, however, according to other embodiments of 

upon some combination of RSSI and BER and EJl^ mea- the present invention, the mobile station may first monitor 

surements, the congestion mdicator of the lightly loaded base station 

The mobile station selects the base station that was ranked prior to attempting registration. In this alternative, instead of 

highest in pilot quality (Step 1030). It monitors the sync advancing from Step 2080 to Step 2090, the mobile station 

channel to acquire the congestion indicator signal (Step may simply select the lightly loaded base station (Step 2110 

1040) and determines whether the flag signal therein indi- in phantom) and return to step 2040. In this alternative, in 

cates that the base station is accepting additional registra- addition to receiving the congestion indicator from the 

tions from mobile stations (Step 1050). If the base station is lightly loaded base station, the mobile station also may 

accepting new registrations, the mobile station attempts to perform quality measurements upon the sync channel (step 

register with the selected base station (Step 1060). If not. the 40 not shown). This alternate embodiment enjoys the additional 

mobile station selects the base station that appears next in its advantage of permitting the mobile station to adapt to 

ranking of pilot quality (Step 1070). Thereafter, it returns to changing conditions in the communication system. If the 

step 1040, monitors that congestion indicator signal from the lightly loaded base station experiences a sudden congestion 

newly selected base station and determines whether to event or if signal quality from the lightly loaded base station 

register to it. 45 suddenly becomes unacceptable, the mobile station may 

Theoretically, if severe loading conditions were present determine not to attempt registration to that base station, 
throughout a given system 100, it is possible that a mobile As described above, a congested base sUtion may include 
station would cycle infinitely through a loop created by an identifier of a lighUy loaded base station in the system, 
traversing steps 1040-1050 and 1070, then returning again The identifier may be represented as an integer representing 
to step 1040. According to an embodiment of the present 50 the differential delay oflfeet between the pilot of the con- 
invention, a mobile station may be programmed to discon- gested base station and the lighdy loaded base station. As 
tinue the method of FIG. 2 if it cycles through steps described above, different base stations in a CDMA system 
1040-1050 and 1070 a predetennined number of times typically transmit the same pilot signal but at large relative 
without identifying a base station that will accept new delay offsets. For example, adjacent base stations partici- 
registrations. Alternatively, the mobile station may be con- pating in the known IS-95 cellular system transmit pilot 
figured to discontinue the method of FIG. 2 if, at step 1070, " channels that are shifted with respect to each other by an 
the mobile station selects a base station that is associated integer multiple of 64 pilot code chips. lS-95 specifies a 
with pilot quahty that is below a predetermined call quality "PMNCREMENP* setting thai determmes the shift incre- 
threshold established for the system. As another alternative, mented of the pilot codes. According to an embodiment of 
the mobile station may interrupt the loop of steps 1040-1050 the present invention, the identifier of the lighdy congested 
and 1070 if it traverse the entire set of pilot channels 60 station maybe transmitted as an increment identifier 
acquired at Step 1010. representing an integer number of these predetermined 

Registration as represented in Step 1060 may be accom- shifts. In such an embodiment, the mobile station may 

phshed according to any of a number of well-known regis- attempt to acquire a new pilot channel shifted with respect 

tration schemes and may include additional functionahty not to the present base station's pilot channel by the increment 

discussed herein. 65 identifier. 

In an alternate embodiment of the system 100, base According to another embodiment of the present 

stations may be configured to broadcast congestion indicator invention, the identifier optionally also may include a cobr 



03/18/2004, EAST Version: 1.4.1 



us 6,563; 

5 

code. If the mobile station receives a color code in the 
congestion indicator signal, it may receive the sync channel 
associated with any pilot received at the identified offiset and 
compare a color code received therein with the identified 
color code. If the two color codes do not match, the mobile 5 
station may abort registration attempt and advance to step 
2100 instead (step not shown). 

The registration protocol of the present invention provides 
an important advantage of reducing signal interference in a 
CDMA cell. In the present invention, the mobile station 
makes a determination of which base station it will attempt 
to register with based upon administrative information trans- 
mitted by base stations. The mobile station does not begin 
transmission until it has determined which base station it 
will register with. 

This technique reduces interference in a congested cell by 
eliminating the registration request and rejection messages 
that would otherwise be transmitted in the cell. 

Thus, the present invention contributes to reduced inter- 
ference in a CDMA system by providing registration deci- 
sion making in mobile stations rather than base stations. 

The subscriber controlled registration techniques of the 
present invention may find application in any of a number of 
CDMA communication systems. It may be integrated into 
the known IS-95 cellular communication protocol with ^ 
minor modifications to the communication protocol of the 
IS-95 sync channel protocol. Further, it may be used in other 
CDMA communication systems such as the TanLink com- 
munication system currently under development by the 
assignee of the present invention. Tantivy Communications, 
Inc. The Tanlink system is characterized as a "nomadic 
access" system. Mobile stations in present iterations of the 
Tanlink system typically possess directional antennae and 
register to one and only one base station. The subscriber 
controlled registration techniques of the present invention . 
also may find application in other CDMA systems not 35 
described herein. 

Several embodiments of the present invention arc spe- 
cifically illustrated and described herein. However, it will be 
appreciated that modifications and variations of the present 
invention are covered by the above teachings and within the 40 
purview of the appended claims without departing from the 
spirit and intended scope of the invention. 

We claim: 

1. A registration method in a mobile station, comprising: 
acquiring pilot channels in a communication system, 45 
ranking the pilot channels according to quality of recep- 
tion for each pilot channel, 

selecting a highest of the ranked pilot channels, 

receiving a congestion indicator signal associated with the 
selected pilot channel, 

transmitting a registration request signal on an access 
channel associated with the selected pilot channel when 
the congestion indicator signal is in a first state, and 

repeating until all acquired pilot channels are exhausted, 55 

2. A registration method in a mobile station, comprising: 
acquiring pilot channels in a communication system, 
ranking the pilot channels according to quality of recep- 
tion for each pilot channel, 

selecting a highest of the ranked pilot channels, 
receiving a congestion indicator signal associated with the 
selected pilot channel, 
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transmitting a registration request signal on an access 
channel associated with the selected pilot channel when 
the congestion indicator signal is in a first state, and 

repeating until a pilot channel is selected that is associated 
with a quality of reception that is below a predeter- 
mined threshold. 

3. A registration method in a mobile station, comprising: 
acquiring pilot channels in a communication system, 
ranking the pilot channels according to quality of recep- 
tion for each pilot chaimel, 

selecting a highest of the ranked pilot channels, 
receiving a congestion indicator signal associated with the 

selected pilot channel, 
transmitting a registration request signal 00 an access 

channel associated with the selected pilot channel when 

the congestion indicator signal is in a first slate 
wherein the congestion indicator signal is received in a 

sync channel associated with a pilot channel, 

4. The registration method of claim 3, wherein the quality 
of reception of a pilot channel is determined by a bit error 
rate of the pilot channel measured at the mobile station. 

5. The registration method of claim 3, wherein the quality 
of reception of a pilot channel is determined by EJl^. 

6. A registration method in a mobile station, comprising: 
acquiring pUot channels in a communication system, 
ranking the pilot channels according to quality of recep- 
tion for each pilot chaimel, 

selecting a highest of the ranked pilot channels, receiving 
a congestion indicator signal associated with the 
selected pilot channel, and 

transmitting a registration request signal on an access 
channel associated with the selected pilot channel when 
the congestion indicator signal is in a first state 

wherein the congestion indicator signal is received in a 
paging channel associated with a pilot channel. 

7. A registration method in a mobile station, comprising: 
acquiring pilot channels in a communication system, 
ranking the pilot channels according to quality of recep- 
tion for each pilot channel, 

selecting a highest of the ranked pilot channels, 
receiving a congestion indicator signal associated with the 

selected pilot chaimel, 
transmitting a registration request signal on an access 

channel associated with the selected pilot channel when 

the congestion indicator signal is in a first state, and 
further comprising, 

when the congestion indicator signal is not in a first 
state, receiving an identifier of a second pilot 
channel, and 

transmitting a registration request message on a access 
channel associated with the second pilot channel. 

8. The registration method of claim 7, further comprising: 
receiving a congestion indicator signal associated with the 

second pilot channel, and 
if the quality of reception associated with the second pilot 
channel exceeds a predetermined threshold, transmit- 
ting a registration request message on an access chan- 
nel associated with the second pilot channel, 

* ♦ * * * 
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